the interpretation of function in patients with bilateral kidney disease may not be valid. Not only does the design of such a model eliminate the altered physiology due to uremia, but the presence of the normal kidney may modify or abrogate stimuli causing anatomic and functional hypertrophy in the diseased kidney (8, 9) . Experimental and clinical data that offer support and criticism of the intact nephron thesis are reviewed elsewhere (10) (11) (12) .
It was the aim of the present experiments to study concentrating and diluting abilities in a kidney with a reduced number of intact nephrons. These functions were compared in dogs with renal mass surgically reduced by 5/6 nephrectomy and in normal animals receiving a urea osmotic load.' It was thus possible to compare the functions of the normal kidney and kidney remnant at comparable rates of solute excretion per nephron mass.
Methods
Thirty-five experiments were performed on twelve female mongrel dogs weighing from 9.5 to 18.4 kg. In six dogs approximately five-sixths of the renal mass was removed by a two-stage surgical procedure. At the first procedure, both poles of one kidney were resected, and the larger of the main renal artery branches of the other kidney was ligated. Two and one-half weeks later, the hemi-infarcted kidney was removed. In order to estimate the proportion of renal tissue removed, a similar bipolar resection and contralateral nephrectomy were 1 Urea osmotic diuresis was chosen since urea is responsible for most of the increased osmotic load per nephron in chronic renal disease. (Although sodium and its attendant anions must also be excreted in increased quantities by each remaining nephron, the possibility of extracellular fluid expansion and cardiovascular alterations militates against the administration of saline as the osmotic agent.) performed in a one stage procedure in four additional animals that were not studied. The weight of the resected poles was 57 to 66% of the contralateral kidney weight, and the remaining mass was 18 to 22% of total preoperative kidney weight. Surgical details have been reported elsewhere (13) . All animals were maintained on a constant canned dog food diet that gave 9 g of protein for each kg of body weight, and the experiments were performed in the unanesthetized state after a 22-to 24-hour fast. The animals were trained to stand in a frame, loosely supported by a canvas sling. Urine samples were obtained through a soft, multiholed, indwelling catheter; adequacy of collection was assured by suprapubic compression plus two or three air washouts when urine flow was below 5 ml per minute. Blood samples were obtained at appropriate intervals from an indwelling needle inserted into a foreleg vein, and infusions were administered with a constant infusion pump into a rear leg vein.
Exogenous creatinine clearance was employed as a measure of glomerular filtration rate (GFR), and paraaminohippurate (PAH) clearance as a measure of effective renal plasma flow (RPF). Creatinine and PAH determinations were done by standard methods (14, 15) , urea nitrogen by a modified method of Kibrick, Ross, and Scupp (16) or the method of Skeggs (17) . Plasma and urine osmolality were measured by freezing point depression.
Similar experiments were done in six animals after the above described subtotal (5/6) nephrectomy: in three of these animals, control studies were performed before operation, but in the other three there were no preoperative studies.
After 5/6 nephrectomy, all animals appeared healthy, ate well, and maintained their weight. Initial studies were performed between 6 and 16 weeks after the second operative procedure. For the entire group of animals, the mean GFR remained stable and did not vary significantly during the 6-to 16-week period after surgery (p> 0.10 by variance analysis (18) as shown in Table  I , although in three individual animals (dogs 65, 83, and 9) there was an increase in GFR. Mean filtration rates were 24, 28, and 29%, and effective renal plasma flow rates (PAH clearances) were 23, 43 , and 35% of control values, respectively, in the three animals studied before surgery. Although only a very crude estimate of functional renal mass remaining, filtration rates in three other animals not studied preoperatively were 29, 27 , and 24% of "normal" values predicted from the body weight (19) . These similarities indicate a high an additional 40 to 50 ml given per hour for loss via lungs and mucous membranes. Exogenous creatinine and PAH clearances with urea infusions were performed as in the dehydration studies. Urinary collection periods were initiated only after urine flow had reached a constant rate for two or three periods (90 to 210 minutes after the water load). The possibility of secretion of endogenous antidiuretic hormone during urea infusion cannot be absolutely excluded; however, the degree of depression of urinary osmolality, the increase in free water clearance with the rise in solute excretion, and the absence of any sudden change in osmolality make such antidiuretic hormone release highly unlikely.
Results Antidiuresis studies. At basal rates of solute excretion (150 to 300 juOsm per minute), there was a significant decrease in maximal urinary osmolality in the subtotally nephrectomized animals. The maximal urinary osmolalities indicated in Table II are the highest observed during any of several collection periods during the initial (6 to 12 weeks postoperative) antidiuresis experiments. The mean maximal urinary osmolality of the kidney remnant animals differs significantly from that As solute excretion increased, the anticipated rise in urine flow and fall in osmolality was observed in both groups of animals. The maximal U/P osmolal ratios achieved at all observed solute excretion rates were greater in the normals than in the 5/6 nephrectomized animals ( Figure 1) . Rates of free water reabsorption (TCHio) increased in both experimental groups with increased solute excretion approaching, but generally below, maximal rates (Tm). The TcH2O rates of normals exceeded those of the 5/6 nephrectomized dogs at similar solute excretion rates, although the differences were not marked. Because the total osmotic load imposed on the kidney remnant animals was generally below that in the normal, they may be strictly compared in only a fraction of the collection periods.
Since both the rate of solute excretion (UosmV) and elaboration of TCHIO occur in far fewer nephrons in the subtotally nephrectomized animals, a correction factor for functional mass was applied to both parameters. Within limitations discussed below, the GFR has been utilized as the estimate of functioning renal mass. In these "corrected" comparisons, both solute excretion and TCHIO are expressed per 100 ml of glomerular filtrate (i.e., UosmV/GFR x 100 and TCHO/GFR x 100).
When maximal U/P osmolal ratios of control and partially nephrectomized animals are compared at adjusted solute excretion rates (UosmV/ GFR), the two groups are similar (Figure 2) . Likewise, when TCHO/GFR was compared at adjusted solute excretion rates, the 5/6 nephrectomized animals did not differ from controls (Figure 3) .
With further increases in the rate of solute excretion to above 6 mOsm per minute per GFR X 100, TCH2o/GFR approached the maximal rate of free water absorption (TemaH2O). As the number of collection periods with adjusted solute loads above 6 mOsm per minute GFR X 100 was small, these have been excluded from graphic and statistical representation. Linear regression slopes have been calculated from the remaining data. A modified statistical method for testing equality between sets of coefficients of two linear regressions adopted from Chow (20) Water diuresis studies. The 5/6 nephrectomized animals demonstrated an impaired ability to lower minimal U/P osmolal ratios during a sustained water diuresis at both basal solute excretion rates (Table II) and at the increased rates of solute excretion observed after urea administration ( Figure 4 ). The kidney remnant group also had reduced free water clearance rates (CH20) in the range of solute excretion observed. On the other hand, when CH20 was corrected to functional mass (CH2o/GFR X 100) and plotted against adjusted rates of solute excretion (UosmV/GFR X 100), the 5/6 nephrectomized animals demon- strated lower U/P osmolal ratios ( Figure 5 ) and enhanced ability to elaborate free water ( Figure  6 ).
Although (18, 20) . In contrast to these data, rather striking differences were noted in one animal that developed intrarenal pathology after the initial studies had been completed (dog no. . There was further impairment of concentrating ability and ability to achieve minimal U/P osmolality. When compared with the initial values in this animal, both concentrating and diluting functions were below observations made during the initial period (Table II) Smith (23) , who demonstrated that subtotally nephrectomized animals were unable to achieve normal maximal urinary specific gravity after dehydration. The present study also demonstrates that the capacity to dilute urine during a sustained water load is significantly impaired by reduction of renal mass. As it is likely that the great majority of residual nephrons were anatomically intact, it may be presumed that the increased solute load per remaining nephron is largely responsible for both the abnormal diluting and concentrating capacities. The maximal urinary concentrations are identical in normal and subtotally nephrectomized animals when they are compared at equivalent solute loads. On the other hand, when the capacity to dilute urine is expressed in a similar manner, the kidney remnant animals demonstrate greater diluting ability than normal.
Several limitations exist in using GFR to equate the two groups. The filtration rate per individual nephron undoubtedly increases after 5/6 nephrectomy with the GFR reaching 24 to 29% of conen 0.4_ a.
-J i 0.2_ 4 5 trol values during the initial study period (6 to 12 weeks) after only 18 to 22%o of renal mass remained after surgery. Thus, one-sixth of the initial renal mass filters 50 to 60%o more than that initially predicted, and this reaches 250 to 4007o
at the later period (40 to 80 weeks). These increases are associated with glomerular diameters 125 and 150% greater, respectively, than those in the kidney before resection. At least 50% more solute is filtered by each residual nephron when compared to controls on the basis of GFR, and Figure 3 , and the water diuresis studies were performed 3 to 4 weeks after times indicated for each symbol in Figure 3 . (26, 27) . After removal of the intact kidney in dogs with unilateral renal disease, Bricker and co-workers have reported decreased maximal U/P osmolal ratios (28) and a reduction of TcmaXH2O/GFR (29) . With maneuvers to reduce filtered solute load, Hayman and associates noted an increase in maximal urine specific gravity in subtotally nephrectomized dogs to values approaching preoperative controls (22) . In humans with chronic renal disease, Franklin, Niall, and Merrill found no increase in maximal urinary osmolality after reduction of the filtered solute load by hemodialysis or hypotension (30) . These data indicate that factors other than solute load per nephron are important in the impaired concentrating ability of patients with chronic renal disease.
During maximal water diuresis, patients with a variety of chronic renal diseases achieve both normal minimal U/P osmolal ratios and CH2o/ GFR at adjusted solute loads (27, 31 Kolberg (24) . Observations by Bricker and co-workers that the GFR of a unilateral diseased kidney increases abruptly on removal of the contralateral normal kidney (9) indicate that many alterations in function may be independent of the gradual hypertrophy observed after reduction of renal mass. The progressive increase in GFR with concomitant changes in CH20 and TCH20 between 12 and 40 weeks in two animals suggests a further gradual adaptive reorganization of function with maintenance of tubular preponderance of diluting function. As the quantity of sodium transported from the cortical distal tubules probably greatly exceeds that moving into the medullary interstitium, only the change in CH2o/GFR might be detected by clearance techniques.
Changes in TCE2o/GFR may occur as a result of alterations in blood flow to the kidney. An increase in medullary blood flow probably accompanies the rise in blood flow occurring per nephron after partial nephrectomy (32) . Since an inverse relationship presumably exists between medullary blood flow and the hypertonicity of the medullary interstitium (33), a "wash-out" effect could reduce TCH2o/GFR and counteract the factors mentioned above. The administration of aminophylline, which increases renal blood flow (34) , is accompanied by an increase in CH2o/ GFR (35) and a reduction of TCn2o/GFR (36) .
Finally, increased rapidity of flow of tubular fluid through the loop of Henle might result in reduced passive diffusion of water from the descending limb of Henle's loop into the hypertonic medulla and also reduce back diffusion of water from the distal tubule and collecting duct (assuming some degree of back diffusion normally 4The total sodium excreted per nephron under conditions of constant sodium intake must be increased, although with the greatly increased filtered sodium per nephron the percentage of filtered sodium reabsorbed may be actually higher in the residual nephrons (28) . occurs in the absence of antidiuretic hormone) with increased CHSo/GFR likely in either instance. The present study does not allow discrimination between these various alternatives.
Summary
The effect of increased osmotic load on concentrating and diluting abilities was studied in dogs before and after resection of five-sixths of the renal mass. During maximal antidiuresis and sustained water diuresis graded infusions of urea were given to normal and 5/6 nephrectomized dogs in order to compare these functions at the same solute load per functioning mass (as indicated by glomerular filtration rate). There was impairment of both maximal and minimal urine/plasma (U/P) osmolal ratios at basal and at increased solute excretion rates in the kidney remnant animals. When solute load was expressed per functioning renal mass in the two groups, the subtotally nephrectomized dogs had normal maximal U/P osmolal ratios and enhanced minimal U/P osmolal ratios compared with normal. The adjusted rates of free water clearance (CH2o/GFR) and of free water reabsorption (TCH2o/GFR) were increased and equal to normal, respectively, after 5/6 nephrectomy. These findings differ from observations in patients with functional mass reduced by diffuse parenchymal disease; thus, factors other than increased solute load per residual nephron may contribute to the altered concentrating and diluting ability seen in chronic renal disease.
